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Misco DC motor has characteristics of simple structure、easy to control、working 
stably、low manufacturing cost，So it，s widely used as critical execution unit and 
principal drive element in Electro-Mechanical systems, Misco DC motor covers many 
fields of industrial manufacture and social life. With the improvement of the      
degree of automation and the quality of Misco DC motor, it can expand considerably 
the range of application of Misco DC motor, this means a huge increase in production 
of Misco DC motor. Misco DC motor is a key element in system device, it will cause 
a series of problems once Misco DC motor breaks down, therefore it is a very 
important step to test Misco DC motor quality before the factory prepares sale their 
product to the dealer. At present, in order to ensure the high quality, the manufactures 
totally rely on the manual detecting, to address this issue, this paper designed a 
automatic test equipment to detect Misco DC motor online. 
We found that DC motor armature
，
s Starting current and Stead-state current will 
be abnormal if there is a manufacturing defect during manufacture. Based on detailed 
analysis of permanent magnet DC motor
，
s mathematical model in this paper, we take 
the steady-state current as the main object of study and collect a large amount of 
signal waveform in time domain and frequency spectrum in frequency domain. Our 
analysis focused on the difference of the steady-state current in the time domain and 
frequency domain between the defective motor and the non-defective motor. 
Eventually this paper proposed a detection model based on detection template which 
is composed by 5 characteristic parameters in frequency domain. Furthermore, we 
proved this detection model correctness.  
With the foundation of detection and overall design of system, in this paper ,a 
DC motor testing system which took STM32F107VCT as core processor is designed, 
we completed  the design of system hardware and system software debugging, the 















provides the steady-state current signal acquisition 、 filtering 、 extraction of 
characteristic parameters in frequency domain and comprehensive judgment, finally 
sends the testing result to the PLC via the serial port and removes non-defective motor 
with the completion of the mechanical control unit. The experiment proved this 
system high testing precision, so this system can basically take the place of the 
manual detecting, the manufactures are satisfied with the testing precision.   
















第一章 绪论 ............................................................................................................................. 1 
1.1 研究意义与背景 ........................................................................................................... 1 
1.2 微型永磁直流电机的结构与工作原理 ................................................................. 3 
1.3 微型永磁直流电机的常见故障 ............................................................................... 4 
1.3.1 绕组故障 .............................................................................................................. 4 
1.3.2 换向故障 .............................................................................................................. 5 
1.4 电机检测所面临的问题 ............................................................................................. 5 
1.5 国内外电机故障检测的研究现状 ........................................................................... 6 
1.6 论文研究的主要内容 ................................................................................................. 7 
第二章 基于信号分析的检测模型研究 ................................................................... 9 
2.1 实验总体设计 ............................................................................................................... 9 
2.2 直流电机电枢电流信号的时域分析 .................................................................... 10 
2.2.1 直流电机电枢电流理论分析 ....................................................................... 10 
2.2.2 时域实验组成和分析 ..................................................................................... 13 
2.3 直流电机电枢电流信号的频域分析 .................................................................... 16 
2.3.1 FFT 算法简介 ................................................................................................... 16 
2.3.2 窗函数的介绍和选择 ..................................................................................... 17 
2.3.3 频域实验组成和步骤 ..................................................................................... 19 
2.3.4 频谱分析和特征参数的提取 ........................................................................ 20 
2.3.5 判别模型的建立 .............................................................................................. 23 
第三章 系统总体设计 ...................................................................................................... 29 
3.1 微型直流电机检测系统性能需求分析 ............................................................... 29 
3.2 微型直流电机检测系统构成 .................................................................................. 29 
3.3 系统的软硬件开发和调试工具 ............................................................................. 30 
第四章 系统硬件设计 ...................................................................................................... 32 
4.1 系统硬件总体构成 .................................................................................................... 32 















4.2.1 微处理器的选择 .............................................................................................. 33 
4.2.2 STM32 处理器介绍 ......................................................................................... 34 
4.2.3 STM32F107VC 处理器应用电路 ................................................................ 35 
4.2.4 JATG 下载调试模块 ....................................................................................... 37 
4.3 电源设计 ...................................................................................................................... 38 
4.3.1 第一级稳压设计 ............................................................................................. 38 
4.3.2 第二级稳压设计 ............................................................................................. 39 
4.4 信号发生和调理电路设计 ....................................................................................... 40 
4.4.1 信号发生与放大电路 .................................................................................... 40 
4.4.2 低通滤波器设计 ............................................................................................. 41 
4.5 通信设计 ...................................................................................................................... 43 
4.5.1 通信电平转换 .................................................................................................. 44 
4.5.2 隔离串口通信设计 ......................................................................................... 44 
4.6 采样同步信号发生电路 ........................................................................................... 46 
4.7 EEPROM 模块 ........................................................................................................... 47 
4.8 电机的绝缘性检测设计 ........................................................................................... 49 
4.9 LCD 显示设计 ............................................................................................................. 49 
4.10 其他硬件说明 ........................................................................................................... 51 
4.10.1 A/D 转换 .......................................................................................................... 51 
4.10.2 按键电路 ......................................................................................................... 52 
第五章 系统软件设计 ...................................................................................................... 53 
5.1 集成开发环境简介 ..................................................................................................... 53 
5.2 仿真器简介 ................................................................................................................... 54 
5.3.软件总体设计 .............................................................................................................. 55 
5.4 定时器相关程序设计 ............................................................................................... 57 
5.4.1 STM32F107VC 定时器介绍 ......................................................................... 57 
5.4.2 本系统中定时器的应用 ................................................................................ 57 
5.5 数据采样程序模块设计 ........................................................................................... 59 















5.5.2 频域数据采集 .................................................................................................. 60 
5.6 串口通讯模块设计 .................................................................................................... 62 
5.6.1 通信协议介绍 .................................................................................................. 62 
5.6.2 与 PLC 通信程序设计 ................................................................................... 63 
5.7 自学习模块设计 ......................................................................................................... 65 
5.7.1 自学习系统介绍 ............................................................................................. 65 
5.7.2 自学习模式程序设计 .................................................................................... 66 
第六章 系统调试与总结................................................................................................. 68 
6.1 硬件调试 ....................................................................................................................... 68 
6.2 软件调试 ....................................................................................................................... 69 
6.3 系统检测精度实验 .................................................................................................... 70 
6.3.1 良品电机测试结果统计分析 ....................................................................... 71 
6.3.2 生产现场检测系统的整体检测精度测试 ................................................ 72 
第七章 总结与展望 ........................................................................................................... 74 
7.1 总结 ............................................................................................................................... 74 
7.2 展望 ............................................................................................................................... 75 
参考文献 ................................................................................................................................... 76 
致谢 .............................................................................................................................................. 79 
















Chapter 1  Introduction .................................................................................................. 1 
1.1 Research Background and Value ............................................................................ 1 
1.2 Structure of Micro DC Motor .................................................................................. 3 
1.3 Common Faults of Micro Motor ............................................................................. 4 
1.3.1 Faults of Motor Winding ................................................................................... 4 
1.3.2 Faults of Motor Commutator ............................................................................ 5 
1.4 Problems that We Face in Motor Testing ............................................................. 5 
1.5 Current Situation of Research in Fault Diagnosis of Motor .......................... 6 
1.6 Main Contents and Arrangement of This Paper ................................................ 7 
Chapter 2 Research on Detection Model ................................................................ 9 
2.1 The Overall Design of Experiment ......................................................................... 9 
2.2 Analysis in Time Domain of Armature Current of DC Motor ..................... 10 
2.2.1 Theoretical analysis of Armature of DC Motor .......................................... 10 
2.2.2 Constitution and Analysis of Experiment in Time Domain ..................... 13 
2.3 Analysis in Time Domain of Armature Current of DC Motor ..................... 16 
2.3.1 Introduction of FFT .......................................................................................... 16 
2.3.2 Introduction and Selection of Window Function ....................................... 17 
2.3.3 Constitution and Step of Experiment in Frequency Domain ................... 19 
2.3.4 Spectral Analysis and Characteristic Parameters Acquisition ................. 20 
2.3.5 Discriminative Model ...................................................................................... 23 
Chapter 3  The Overall Design of System ......................................................... 29 
3.1 General Requirements Analysis of Micro DC Testing System ..................... 29 
3.2 Structure of Micro DC Testing System ................................................................ 29 
3.3 Development Tools and debugging ....................................................................... 30 
Chapter 4  Hardware Design of System ............................................................. 32 
4.1 Overall Hardware Design of System .................................................................... 32 















4.2.1 Selection of Microprocessor ........................................................................... 33 
4.2.2 Introduction of STM32 .................................................................................... 34 
4.2.3 Application Circuit of STM32F107VC Microprocessor .......................... 35 
4.2.4 JATG Download Debugger module .............................................................. 37 
4.3 Power Supply Design ................................................................................................ 38 
4.3.1 First Voltage-Stabilized Source Design ........................................................ 38 
4.3.2 Second Voltage-Stabilized Source Design ................................................... 39 
4.4 Voltage Signal Generating and Processing Circuit Design ............................ 40 
4.4.1 Voltage Signal Generating and amplifying Circuit .................................... 40 
4.4.2 Low-Pass Filter Design ................................................................................... 41 
4.5 Communication Design ............................................................................................ 43 
4.5.1 Communication Voltage Conversion ............................................................ 44 
4.5.2 Isolation Serial Communication Design ...................................................... 44 
4.6 Synchronization signal for Sampling Generating Circuit ............................. 46 
4.7 EEPROM Modual ..................................................................................................... 47 
4.8 Insulativity Testing Design ...................................................................................... 49 
4.9 LCD Display Design .................................................................................................. 49 
4.10 Description of Other Hardware .......................................................................... 51 
4.10.1 A/D Sampling Circuit .................................................................................... 51 
4.10.2 Key Design ...................................................................................................... 52 
Chapter 5  Software Design of System ................................................................ 53 
5.1 Integrated Development Environment Introduction ...................................... 53 
5.2 Simulator Introduction ............................................................................................. 54 
5.3. Overall Software Design of System ..................................................................... 55 
5.4 Software Design about Timer ................................................................................. 57 
5.4.1 Timer of STM32F107VC Introduction ........................................................ 57 
5.4.2 Application of Timer in This System ............................................................ 57 
5.5 Software Design about Data Acquisition ............................................................ 59 















5.5.2 Frequency-Field Acquisition .......................................................................... 60 
5.6 Software Design about Serial Port Communication ....................................... 62 
5.6.1 Communication Protocol Introduction ......................................................... 62 
5.6.2 Software Design about Communication with PLC ................................... 63 
5.7 Self-laerning Design .................................................................................................. 65 
5.7.1 Self-laerning System Introduction ................................................................ 65 
5.7.2 Software Design about Self-laerning ............................................................ 66 
Chapter 6  System debugging and Results ........................................................ 68 
6.1 Hardware Debugging ................................................................................................ 68 
6.2 Software Debugging .................................................................................................. 69 
6.3 System Accuracy Testing ......................................................................................... 70 
6.3.1 Statistic Analysis of Defective Motor ........................................................... 71 
6.3.2 Overall Accuracyof the Systemin Production Floor .................................. 72 
Chapter 7  Summary and Outlook ........................................................................ 74 
7.1 Summary ...................................................................................................................... 74 
7.2 Outlook .......................................................................................................................... 75 
References ................................................................................................................................ 76 
Acknowledgements ............................................................................................................. 79 


















































































   直流电机根据励磁方式可以分为他励直流电机、并励直流电机和串励直流电
机和复励直流电机四种。本文研究的是小功率的永磁直流有刷电机，永磁直流有
刷电机的典型结构图如图 1-3 所示。 
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